In a 2-year study of the bush dog (Speothos venaticus), a small canid from Central and South America, we examined the reproductive physiology of mature females and the effect of male presence on the incidence and timing of ovulation. Fecal hormones, vulvar measurements, and mating behavior were used to characterize reproductive cycle dynamics. As described for all other canids, female bush dogs have an obligate pseudopregnancy after an infertile mating or ovulation without mating. However, the female cycle is not fixed to a single rigid breeding season each year, as in most canids. Unlike other canids, the presence of a male was associated with shortened interestrous intervals and increased number of estrous cycles. Examination of preliminary testosterone data from males showed a nonseasonal pattern suggesting that males have year-round, not seasonal, sperm production. The results from this study, including the validation of the noninvasive fecal hormone monitoring technique used, can provide managers of captive animals with tools for optimizing breeding potential of this species.
that bush dog reproduction is not seasonal, that is, births occur throughout the year (Kleiman 1968; Porton et al. 1987) . Finally, Porton et al. (1987) found that young females housed alone or with other females failed to show any vulval or behavioral signs of estrus until placed with a male, suggesting that male stimulation was required to initiate reproductive activity in peripubertal females. We do not know if this is a characteristic restricted to peripubertal females. Although a possible effect of male stimulation has been suspected in 2 other nondomestic canids (maned wolf [Chrysocyon brachyurus -Velloso et al. 1998 ] and island gray fox [Urocyon littoralis- Asa et al. 2003 ]; Table 1 ), it has not been confirmed to date.
In this study we focused on characterizing the reproductive cycle of the female bush dog by considering the pattern of gonadal hormone secretion, the number of estrous cycles per year, presence or absence of a seasonal pattern, and influence of the male's presence on the female reproductive cycle or reproductive characteristics. First, we hypothesized that mature female bush dogs have aseasonal reproductive cycles separated by periods of anestrus and that the occurrence of cycles requires the physical presence of a male, defined as direct, unobstructed physical access (i.e., direct tactile, olfactory, visual, and auditory stimulation from the male) to induce estrus. Second, we hypothesized that paired mature female bush dogs have an obligate pseudopregnancy after an infertile mating or ovulation without mating, a characteristic not seen in peripubertal female bush dogs. In addition, the 2-year study design allowed the effect of female presence on male fecal testosterone levels to be examined. We hypothesized that the presence of a mature female bush dog would have an effect on the reproductive condition of the adult male.
MATERIALS AND METHODS
Animals.-The 8 adult bush dogs (4 females and 4 males; Table 2 Dmoch 2004) , used in this study were born in captivity and housed socially, that is, housed with parents or littermates or both, in European zoos before arrival at the Saint Louis Zoo, St. Louis, Missouri (388459N, 908159W) . With the exception of male (M) 2, none of the animals had been housed with an unrelated individual or had reproduced before the start of the study. All research protocols were performed in a humane manner (Animal Care and Use Committee 1998) and approved by the Saint Louis Zoo Institutional Animal Care and Use Committee. TABLE 1.-Summary of reproductive cycle characteristics for nondomestic canids studied to date. Data are reported on presence of an obligate pseudopregnancy (i.e., the duration of the progesterone elevation is similar in fertile and infertile cycles, indicating that life spans of the corpora lutea are equal), which species have been reported to have the typical canid reproductive cycle defined by a true anestrus (i.e., period in which the ovaries are quiescent between each breeding cycle) separating the end of the luteal-lactation phase in one estrous cycle from the start of the subsequent estrous cycle, number of estrous cycles per year, presence or absence of a seasonal pattern, and whether there is any male influence on reproductive cycle. Asa 1996 Asa , 1998 Asa and Valdespino 1998; Concannon 1986; Hayssen et al. 1993; Monfort et al. 1997; Valdespino et al. 2002; Velloso et al. 1998 . b Asa and Valdespino 1998; Kleiman 1968; Porton et al. 1987 . c Asa and Valdespino 1998; Brady 1978; Kleiman 1968; Porton et al. 1987. d Brand and Cullen 1976; Frame et al. 1979; Gauthier-Pilters 1967; Porton et al. 1987; Rosenberg 1971; Valdespino et al. 2002. e Brady and Ditton 1979; Brand and Cullen 1976; Dietz 1984; Ewer 1973; Frame et al. 1979; Hayssen et al. 1993; Kleiman 1968; Monfort et al. 1997; Nowak and Paradiso 1983; Porton et al. 1987; Velloso et al. 1998 . f Asa et al. 2003; Velloso et al. 1998. g The current study is investigating whether the bush dog has an obligate pseudopregnancy, is monestrus, and if the male influences the female's reproductive cycle. h Captive.
Housing and husbandry.-Animals were housed indoors, with temperatures maintained between 15.68C and 29.48C ( X ¼ 25.48C, n ¼ 135,541 total measurements with temperature recorded every 10 min for the 27 study months) and exposed to natural light from skylights and windows. Because bush dogs are known to reproduce over a wide geographic range (approximately 118N-278S- Eisenberg and Redford 1999; Macdonald 1995; Sillero-Zubiri et al. 2004) , artificial lighting was not needed to extend the natural day length at any time during the study. Although each 3 Â 3-m enclosure permitted indirect olfactory and auditory contact among the 4 pairs, any direct physical, visual, and olfactory contact was prevented. Nest boxes and various enrichment items (e.g., logs, bark chips, and dog toys) were never moved between the 4 enclosures.
With the exception of female (F) 1, the animals were fed a meatbased diet (Zoo Carnivore Diet, Dallas Crown, Kaufman, Texas) daily. F1 was maintained on a daily diet of IAMS Beef and Rice and IAMS Lamb and Rice canned food (The IAMS Company, Dayton, Ohio) because of skin problems suspected to be related to diet. One mouse twice per week and a bone with meat once per week also were provided.
Open-ended vasectomy.-Between late December 2001 and midJanuary 2002, open-ended vasectomies were performed on the 4 males (see DeMatteo et al., in press) . Unlike the vasectomy procedure typically used in domestic and exotic carnivores that involves cautery of both ends of the vas deferens, removal of a section of the vas deferens, or both, the open-ended vasectomy leaves the distal (testicular) end of the vas deferens open to allow leakage, resulting in a pressure-relieving granuloma, and cauterizes the proximal (abdominal) end of the vas deferens, providing an effective seal that prevents spontaneous recanalization and failure of the vasectomy (Silber 1977; Silber and Grotjan 2004) . Vasectomy was followed by monthly semen collection by electro-ejaculation to deplete the vas deferens of sperm before the male-female introductions in late March 2002 (see DeMatteo et al., in press ).
Study design.-The study was divided into 2 phases. During the 1st phase, 1 March 2001 to 26 March 2002, females were housed individually with no contact with males, which were housed in a separate building. During the 2nd phase of the study, 27 March 2002 to the respective end dates, males and females were housed in pairs (Table  2) . Each phase consisted of a minimum of 1 year; however, health problems unrelated to the study required 2 females to be removed early ( Table 2 ). Fecal samples were collected twice per week (Tuesdays and Saturdays) from each male starting 2 months before pairing with a female through the respective end dates (Table 2 ). To identify feces of males and females when they were paired, individuals were fed colored, 4-mm plastic beads (Cabela's, Sidney, Nebraska) daily in a portion of the meat-based diet.
Female ovarian activity was monitored with radioimmunoassay of fecal estrogen and fecal progestin levels in samples collected daily. Sustained elevations in fecal progestins were considered to indicate ovulation. To evaluate the physiological relevance of fluctuations in fecal progestins, study samples were compared to those of 3 pregnant females (F5 [studbook no. 675], F3, and F4), with the latter 2 samples occurring after study completion. To better detect hormone patterns against background variability, a moving average (period ¼ mean of 3 samples) was used to plot the data (Corel Corporation Limited 1997) . Twice-weekly sampling (Tuesdays and Saturdays) of feces was used to monitor fecal androgen levels in the males.
Extraction and assay of fecal hormones.-Fecal steroids were made soluble in a modified phosphate-buffered saline containing 50% methanol, 0.1% bovine serum albumin, and 5% Tween 20 (polyoxyethylene sorbitan monolaurate, a surfactant- Bauman and Hardin 1998; DeMatteo 2004; Shindeler et al. 1993) . Fecal samples and extracts were stored at À758C until assay.
Fecal estrogens were measured using the Estradiol Active DSL-4300 kit (Diagnostic System Laboratories, Webster, Texas; Lukas et al. 2002) . The intra-assay coefficient of variation was 6.5%, and the interassay coefficients of variation for 4 separate internal controls were 6.4%, 7.2%, 6.7%, and 5.9%. Fecal progestins were measured using the Progesterone Active DSL-3900 (Diagnostic System Laboratories; Lukas et al. 2002) . The intra-assay coefficient of variation was 7.8%, and the interassay coefficients of variation for 3 separate internal controls were 7.6%, 6.1%, and 7.4%. Student's t-test (Microsoft Corporation 2003) tested significance for differences in duration of sustained elevation, interestrous interval, and baseline duration with and without a male present. Fecal androgens were measured using the Testosterone Active DSL-4000 (Diagnostic System Laboratories; Pelletier et al. 2003) . The intra-assay coefficient of variation was 4.7%, and the interassay coefficients of variation for 3 separate internal controls were 4.6%, 4.3%, and 5.5%.
Vulvar measurements.-In preparation for data collection, the 4 females were trained, using operant conditioning, to stand for vulvar measurements. Three times weekly (e.g., Tuesday, Thursday, and Saturday), during both phases of the study, the width (left to right dimension) and the depth (base to tip of the vulva dimension) were measured using calipers (Vernier Caliper, Manostat Corporation, Switzerland) to 0.5-mm precision. To minimize measuring error, each dimension was measured twice and averaged. An index of vulva size was generated by multiplying mean vulva width by mean vulva depth for each day. A linear regression using the least squares method was run on the vulva index data from 1 March 2001 through the end of data collection for each female to evaluate the significance in the shift in baseline measurements (Microsoft Corporation 2003) .
Mating behavior.-During the 2nd phase of the study, mating behavior of each male-female pair was recorded with continuous timelapse videotaping using infrared lighting at night (London et al. 1998 ). The first 2 estrous cycles for each pair were analyzed, with the exception of F1, who died after only 1 cycle. Videotapes were reviewed for the occurrence and duration of 2 defined behaviors, Mounts and successful Copulatory Locks, from 2 weeks before the initial increase to 2 weeks after the final decrease in fecal progestins. A Copulatory Lock was defined by the inability of the male and female to separate despite attempts to move away (Drüwa 1982 (Drüwa , 1983 Kleiman 1972) . A possible Copulatory Lock was scored when it appeared that the pair was in a Copulatory Lock but the camera view was unclear or the pair did not visibly attempt to separate. A Mount was clearly distinguishable from a Copulatory Lock by the ability of the pair to move away from each other. A Mount was not scored when a female's submissive roll resulted in the male only straddling or rubbing against her.
International Studbook summary.-To evaluate reproductive seasonality in captivity, the International Studbook for the Bush Dog (Dmoch 1995) was summarized based on latitudinal location of the zoo and month that pups were born.
Speothos venaticus survey.-In January 2003, KED conducted the Speothos venaticus Status and Distribution Survey, supported by the South American regional section of the World Conservation Union (IUCN) Canid Specialist Group, to determine the bush dog's conservation status (e.g., stable, declining, or absent) and current distribution, and to identify ecological needs by correlating habitat types to bush dog sightings in the wild. A summary of the dates of sightings of infants, juveniles, and subadults permitted estimates of age and date of birth, thus providing information on bush dog seasonality in the wild.
Correlations associated with male or female presence.-We used 2 analyses to test whether there were any significant correlations (P 0.05) associated with male or female presence at 2 different levels: within the 3 female variables (fecal estrogens, fecal progestins, and vulva index) and between the male and female variables. First, nonparametric measures of association (SAS Institute Inc. 1996) were used to determine whether there were correlations among the 3 female variables associated with male presence. We determined significance of correlations with Kendall's tau (Sokal and Rohlf 1995) . We used nonparametric Mantel univariate correlations (R-Package [v 4.0.6]- Legendre et al. 2001 ; available at http://www.bio.umontreal.ca/ Casgrain/R/index.html) to determine within and between correlations at the 2 levels (Fortin and Gurevitch 2001; Legendre and Legendre 1998) . Significance for each correlation was evaluated with the Mantel r-value. When determining between-sex correlations, it was necessary to exclude the 1st phase of the study because there were only 2 months of data collection on males before introduction to females. In addition, data from only 3 of the 4 pairs during the 2nd phase were included in the analysis; F1 and M1 were excluded because of insufficient data due to death of F1. To increase the power of the test and prevent detecting false correlations, the Mantel tests were corrected with the sequential Bonferroni technique (Rice 1989 ; as modified in Legendre and Legendre 1998) .
Differences dependent on male or female presence.-The overall statistical design of the study was a 1-way repeated-measures analysis of variance (ANOVA) with presence of the male or female as the main treatment (Underwood 1997) . The within-individuals factor was nested, which allowed for increased power in the main treatment effect contrast. Data were log-transformed to meet assumptions of the test. The aim was to determine whether differences within each of the measured variables were dependent on male or female presence. Significance in the main effect with 4 measured variables (3 for females and 1 for males) was used to interpret the effect of male or female presence for the nonparametric Mantel univariate correlations.
In addition, a nonparametric univariate autocorrelation (R-Package [v 4.0.6]- Legendre et al. 2001 ; available at http://www.bio. umontreal.ca/Casgrain/R/index.html) determined if male presence caused a directional shift in the mean time interval and number of peaks in any of the 3 female variables (Fortin and Gurevitch 2001; Legendre and Legendre 1998; Rossi 1996) ; that is, whether male presence caused a decrease in time, that is, months, between significant changes and an increase in frequency of significant changes in fecal estrogens, fecal progestins, or vulva index (DeMatteo 2004) . The interval between these significant changes, especially fecal progestins, can be used to represent the interestrous interval, or cycle length, and define the reproductive pattern of the female. As above, F1 was excluded from the analysis because of insufficient data. Controlling for male presence and using the Euclidean geometric distance, distance matrices for the 3 females at each of the 3 variables (fecal estrogens, fecal progestins, and vulva index) were generated. A time-distance matrix also was generated for each female with the time-class interval set equal to 1 month. A correlogram (Legendre and Legendre 1998) was generated for each female with each variable with male present and male absent. Because of variability within the data, a progressive Bonferroni correction was applied to the P-value for Moran's I for a conservative interpretation of significance. These individual correlograms were initially interpreted separately and then summarized for each variable with male present compared to male absent. This summary was used to determine if male presence had a directional effect on the number of months between significant changes or the frequency of significant changes for a given variable.
RESULTS
Hormone assays.-The noninvasive monitoring of hormones using feces was effective at determining fluctuations in fecal estrogens and fecal progestins in the study females (Fig. 1) . We considered 19 estrous cycles to be physiologically relevant and assumed that all 4 females ovulated independent of male presence, because all 19 apparent estrous cycles of the study animals (F1 ¼ 3, F2 ¼ 5, F3 ¼ 6, F4 ¼ 5) had fecal progestin values equal to or greater than those of the 3 pregnant females (range for F5: 730 ng/g on the day of the observed Copulatory Lock to a maximum of 1,400 ng/g; range for F3: 184-3,506.67 ng/g; range for F4: 300-1,553 ng/g), suggesting that ovulation preceded these increases.
We considered the last estrous cycles of both F1 and F2 to be incomplete because fecal progestin levels were above baseline when data collection ended because of death and pyometra, respectively. Although it cannot be determined conclusively whether either of these medical conditions affected reproduction, the fact that both of these cycles had fecal progestin levels indicative of ovulation suggest that the females were not affected until their conditions were well advanced. Although these cycles were considered physiologically relevant, they were eliminated from statistical analyses because of the lack of an end date.
For the 17 completed estrous cycles, the duration of sustained fecal progestin elevation varied significantly (t ¼ 2.33, d.f. ¼ 15, P , 0.05) depending on whether the male was present ( X ¼ 74 days, SD ¼ 7.9, n ¼ 9) or absent ( X ¼ 65 days, SD ¼ 8, n ¼ 8). In addition, the interestrous interval, that is, that time between successive 1st significant increases in fecal progestins, varied significantly (t ¼ 2.498, d.f. ¼ 9, P , 0.05) depending on whether a male was present ( X ¼ 136 days, SD ¼ 11 days, n ¼ 4) or absent ( X ¼ 179 days, SD ¼ 40.1 days, n ¼ 5). The interestrous intervals ongoing at the time of male introduction ( X ¼ 112 days, SD ¼ 7.2 days, n ¼ 4) had a significantly shorter duration compared to intervals when the male was present (t ¼ 3.756, d.f. ¼ 8, P , 0.01) or when it was absent (t ¼ 3.158, d.f. ¼ 7, P , 0.01). The duration that fecal progestins remained at or near baseline, that is, time between final decrease and next increase in fecal progestin levels associated with a new estrous cycle, varied depending on whether a male was present ( X ¼ 61.7 days, SD ¼ 7 days, n ¼ 6) or absent ( X ¼ 119 days, SD ¼ 42 days, n ¼ 5) or if only those levels associated with the introduction of the male were considered ( X ¼ 39.3 days, SD ¼ 6.3 days, n ¼ 4). Significant differences in the duration that fecal progestins remained at or near baseline were determined in each of the comparisons among these 3 male categories: male present versus absent (t ¼ 3.000, d.f. ¼ 9, P , 0.01), male present compared to introduction of male (t ¼ 5.158, d.f. ¼ 8, P , 0.01), and male absent versus introduction of male (t ¼ 3.713, d.f. ¼ 7, P , 0.01). These extended periods of baseline fecal progestins are consistent with what would be considered anestrous periods.
A sampling frequency of 2 times per week was adequate for detecting patterns in male fecal androgen levels (Fig. 2) . Males did not show a seasonal pattern in testosterone production.
Vulvar measurements.-A significant increase was found in baseline vulva index (P , 0.001) in 3 of the 4 females (F2, F3, and F4) when the male was present. Although no significant change was found for F1 (P ¼ 0.2), this is believed to be a result of insufficient data, that is, a single, incomplete estrous cycle in the 2nd phase of the study, and not a result of her medical condition. The trend for an increase in baseline vulva index when the male was present (i.e., maximum value ¼ 98 mm 2 ) versus absent (i.e., maximum 2 ) in this female suggested that the medical condition did not compromise these reproductive parameters.
Mating behavior.-Confirmed Copulatory Locks, seen in 4 of the 7 estrous cycles reviewed for behavior, always occurred after the initial fecal progestin increase ( X ¼ 3.75 days, SD ¼ 2.75 days, range ¼ 1-7 days; Fig. 1 ). The 1st of 3 estrous cycles without a confirmed Copulatory Lock (F3) occurred when the male was introduced 25 days after the initial rise in fecal progestin and also had a low number of Mounts in that estrous cycle (n ¼ 5) compared to the overall average ( X ¼ 193, SEM ¼ 22, range ¼ 5-459, n ¼ 7 estrous cycles). The 2nd estrous cycle without a confirmed Copulatory Lock (F1) had 4 possible Copulatory Locks and one of the highest number of Mounts (n ¼ 329). The 3rd estrous cycle with neither confirmed nor possible Copulatory Locks (F4) had the highest number of Mounts (n ¼ 459) in a single estrous cycle. The fact that confirmed Copulatory Locks were not seen in females both with and without medical conditions suggests that the results for F1 were due to individual variation and not her medical condition. The number ( X ¼ 8, range ¼ 1-14, n ¼ 32) and duration ( X ¼ 15 min, range ¼ 1-52 min, n ¼ 32) of confirmed Copulatory Locks varied within and between pairs. Although the number ( X ¼ 9, range ¼ 2-20, n ¼ 26) of possible Copulatory Locks was similar to confirmed Copulatory Locks, the duration was shorter ( X ¼ 1 min, range ¼ 0.5-4 min, n ¼ 26), possibly because the pair was out of the camera's view part of the time (i.e., we had inaccurate starting or stopping time).
The male Mounted the female on an average of 42 days (range ¼ 2-89 days, n ¼ 7 estrous cycles). The duration of female receptivity was defined as only that time when Copulatory Locks occurred. Confirmed Copulatory Locks (n ¼ 4 estrous cycles) occurred on average twice per day for a period of receptivity that averaged 4 days. Confirmed plus possible Copulatory Locks (n ¼ 5 estrous cycles) occurred an average 2.5 times per day for a period of receptivity that averaged 6 days.
Seasonality of reproduction.-Based on a summary of the births at 48 international institutions, captive bush dogs showed no evidence of reproductive seasonality (Table 3) . The results of the Speothos venaticus Survey also suggested that bush dogs were aseasonal. A total of 13 sightings of infants, juveniles, and subadults were made from 7 countries in South America. The estimated birth dates were divided into 4 groups based on latitude, from south to north: October to April (248S-268S; n ¼ 5; Argentina and Paraguay), February or March to May (158539S; n ¼ 2; Brazil); May to September or October (48309S-48429S; n ¼ 3; Peru); and September to September or October (28559N-68209N; n ¼ 3; French Guiana, Guyana, and Venezuela).
Correlations associated with male or female presence.-For within-female correlations, correlation of fecal estrogen and vulva index was significant both with a male present (Kendall tau, P ¼ 0.0517; Mantel, P , 0.0001) and absent (Kendall tau, P , 0.0001; Mantel, P ¼ 0.0036). None were significant only when the male was present. There were no significant between-sex correlations found for the male and female variables.
Differences dependent on male or female presence.-For females, there was a strong positive effect of male presence on fecal estrogens, fecal progestins, and vulva index (repeatedmeasures ANOVA, P , 0.0001). For males, there was a strong positive effect of female presence on fecal androgens (P ¼ 0.0011).
There was a decrease in the mean time interval between significant changes of both fecal progestins and vulva index when a male was present (nonparametric univariate autocorrelations correlograms; fecal progestins ¼ 5.2-4.2 months, n ¼ 3; and vulva index ¼ 5.5-3.7 months, n ¼ 3). There was an increase in the mean number of peaks for both fecal progestins and vulva index during the time a male was present compared to when he was absent (fecal progestins ¼ 1.5-2 peaks, n ¼ 3; and vulva index ¼ 1-1.7 peaks, n ¼ 3).
DISCUSSION
Reproductive cycle of the female.-Contrary to our proposed hypothesis that a mature female bush dog requires the physical presence of a male for the initiation of an estrous cycle, this study determined that females have an increase in fecal estrogens indicative of a follicular phase independent of male presence. Although the patterns of change in fecal estrogens and vulva index indicated that male presence was not needed to initiate an estrous cycle, the sustained fecal progestin elevation (Dmoch 1995) by latitudinal location of zoo in which they were housed (n ¼ 48). Latitudes ranged from 78N-59.58N (n ¼ 42 zoos) to 208S-298S (n ¼ 6 zoos); they were summarized in 108 increments (e.g. , 118N-208N, 218N-308N) for ease of viewing. The months of year that captive births occurred, the number of individual captive females that gave birth (n ¼ 118), the number of litters produced (n ¼ 325), and the number of pups born (n ¼ 1,104) are presented. after an increase in fecal estrogens in the female demonstrated that the presence of a male also was not required for ovulation. That is, the fecal progestin levels of all 19 of the apparent estrous cycles were equal to or greater than those of the 3 pregnant females, indicating that ovulation occurred independent of male presence. Therefore, as reported in domestic dogs and most other canids (Anderson and Simpson 1973; Asa 1998; Concannon 1986; Jöchle 1987) , our results indicated that bush dogs are spontaneous and not induced ovulators. These results demonstrate that mature female bush dogs differ from previously observed peripubertal females, which failed to show any signs of estrus, either behavioral or physical (i.e., changes in the vulva), until paired with a male (Porton et al. 1987 ).
Previous observations of peripubertal females housed with sisters or with 1 or both parents may have failed to show external signs of hormonal changes in the absence of stimuli from a novel male because of a lower female urine-marking frequency. Although female bush dogs urine mark at a higher frequency than males (Kleiman 1972; Macdonald 1996; Porton 1983) , individuals of both sexes demonstrate a higher urinemarking frequency when exposed to opposite-versus same-sex urine (Porton 1983) . This study found a significant positive increase in baseline vulva size when males were present, even beyond the follicular phase when fecal estrogen levels returned to near baseline. This shift may have resulted from an increase in vulvar rubbing and subsequent swelling due to the higher frequency of urine marking in females when a male was present (Porton 1983 ) and may explain the previous observed differences with peripubertal females. Previous behavioral studies with bush dogs have reported that during the period of female receptivity, Copulatory Locks (mean duration ¼ 15 min, range ¼ 4-76 min) occurred 1-3 times per day over a period of 1-12 days (Drüwa 1983; Kitchener 1971; Kleiman 1968; Porton et al. 1987) , comparable to this study. However, the duration of male interest as measured by Mounts where the pair can clearly separate was longer in this study, with male interest ending 1-3 days after the last Copulatory Lock, compared with previous behavioral studies that determined the duration of male interest to be between 8 and 23 days (Drüwa 1983; Kitchener 1971; Kleiman 1968) . Possible explanations for this difference include our use of continuous, 24-h videotaping before and after the time of female receptivity compared to only during the time immediately surrounding female receptivity in the other studies or potential effects of size or design of the enclosure.
Pseudopregnancy.-Although the duration of fecal progestin elevation in female bush dogs differed significantly depending on whether a male was present or absent, both approximated the length of bush dog gestation ( X ¼ 67 days, range ¼ 62-70 days -Dmoch 1999 -Dmoch -2000 and so support the hypothesis that the female bush dog has an obligate pseudopregnancy independent of male presence. Based on data from domestic dogs, if the duration of the progesterone elevation is similar in fertile and infertile cycles, then the life spans of the corpora lutea are equal and the female is either pregnant or pseudopregnant (Concannon 1984; Jöchle 1987) . These findings indicate that mature female bush dogs differ from peripubertal females studied by Porton et al. (1987) that appeared to have sequential estrous cycles without intervening anestrous phases and with luteal phases shorter than gestation and so not considered pseudopregnancies. Porton et al. (1987) reported that 2 peripubertal females, ages 7.5 and 9.5 months, had repeated estrous cycles with interestrous intervals (range ¼ 15-44 days, n ¼ 6) shorter than those in the current study and shorter than bush dog gestation length. These differences in interestrous intervals show that maturational processes may result in substantive changes in the reproductive cycle of the adult as compared to peripubertal female. Thus, cycles of adult females housed alone or with a male show spontaneous estrus and an obligate pseudopregnancy after infertile ovulations and more closely resemble the typical canid cycle. The cycles of peripubertal females, with possible induced estrus and short, polyestrous cycles, may simply represent the transition to the fully functional adult pattern.
Seasonality of reproduction.-Captive breeding records and behavioral research have shown that bush dogs in various environmental conditions do not have a single temporally specific annual breeding season as seen in temperate-latitude canids, but exhibit mating and births throughout the year (Kleiman 1968; Porton et al. 1987) . The results of the Speothos venaticus Survey suggest that wild bush dogs also are aseasonal. The current analysis of data from captive bush dogs was important when interpreting the results from the Speothos venaticus Survey, because the analysis showed the importance of considering the number of females and births represented at each latitude, because a small sample size may inaccurately suggest seasonal reproduction.
The bush dog's ability to raise young successfully throughout the year could be linked to its high sociality and cooperative hunting. Deutsch 1983; Peres 1991; Strahl et al. 1992; Tate 1931; Wallace et al. 2002) . This flexibility in the female's reproductive cycle may be associated with the lack of seasonality in such a broad prey base, that is, ability to obtain sufficient food throughout the year despite seasonal changes in availability of certain prey items.
Effect of the male on the female's reproductive cycle.-In addition to having an effect on the duration of the sustained fecal progestin elevation, male presence significantly reduced the interestrous interval, or cycle length (i.e., from the 1st significant fecal progestin increase of one cycle to 1st increase of the next). This effect appeared to begin with the introduction of a male to a mature, cycling female. In all 4 females, the duration of the ongoing interestrous interval at the time of mate introduction was shorter than those without a male or than when a male was present before the 1st progestin increase. Although small sample size prevented statistical comparisons, these observations suggest the male bush dog can have an immediate effect on at least the luteal phase of the female's reproductive cycle. This immediate effect of the male was suspected in other behavioral studies with captive bush dogs that reported short latencies from pair formation to 1st estrus (range ¼ 5-26 days from male introduction to initiation of estrus, n ¼ 5- Kitchener 1971; Porton et al. 1987) . Responsiveness of the female cycle to deviations from the norm also was noted in females whose pups were less than 4 months of age when pups died or were removed. In these cases, interbirth intervals were significantly shorter (mean latency to postpartum estrus ¼ day 171, n ¼ 11) than if pups had remained with the female (range ¼ 80-115 days, n ¼ 5- Porton et al. 1987) . These findings support the contention that the female bush dog's reproductive cycle can at least to some extent adapt to circumstances, unlike those species that are constrained to a strictly seasonal breeding pattern.
Reproductive data from males.-Significant positive correlations were found for fecal androgen levels, both in the presence and absence of a female. It is difficult to interpret these results because of insufficient comparative data for the preintroduction period. Additional physiological data are needed to determine if male reproduction resembles that of females in lack of a rigid breeding season. It is possible that because female bush dogs are not restricted to a fixed, single breeding season and have multiple cycles per year, male bush dogs may have continuous testosterone and sperm production as do male domestic dogs and dingoes (Canis lupus dingo) in temperate regions in Australia (Catling et al. 1992; Taha et al. 1981) . This is in contrast to males of species in which females have restricted breeding seasons and male reproductive parameters vary seasonally, with testosterone and sperm production declining or ceasing outside of the reproductive season (Asa and Valdespino 1998) .
CONCLUSIONS
This study determined that mature female bush dogs differ from peripubertal females in their reproductive cycle. Although mature females do not require male presence to initiate estrus, male presence significantly shortens the interestrous interval. The reproduction of mature females is not fixed to a single rigid breeding season and births occur throughout the year. Additional data are needed to evaluate seasonality in the male. Although there are limits to interpreting captive studies due to many factors (e.g., housing, sample size, and genetic relatedness), this study does provide valuable information difficult to gather in the wild and insight into what the species is capable of under the set conditions of captivity. Similar studies are needed for many canid species to allow us to make comparative analyses across Canidae.
